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Question: Is weight-training exercise intervention harmful to women with or at risk of breast cancer-
related lymphoedema? Design: Systematic review with meta-analysis of randomised trials.
Participants:Women with or at risk of breast cancer-related lymphoedema. Intervention: Progressive
weight-training exercise.Outcomemeasures: The primary outcomes were severity (volume difference)
and incidence of arm lymphoedema. Secondary outcomes included muscle strength of the upper and
lower limbs, quality of life and bodymass index. Results: Eleven studies from eight trials involving 1091
women were included. Weight-training exercise of low to moderate intensity with relatively slow
progression signiﬁcantly improved the upper limb strength (SMD 0.93, 95% CI 0.73 to 1.12) and lower
limb strength (SMD 0.75, 95% CI 0.47 to 1.04) without increasing the arm volume (SMD –0.09, 95% CI
–0.23 to 0.05) or incidence of breast cancer-related lymphoedema (RR 0.77, 95% CI 0.52 to 1.15). No
signiﬁcant effects were noted for body mass index (SMD –0.10, 95% –0.31 to 0.11). Some aspects of
quality of life may improve with weight training. Participants in all trials used pressure garments and
received supervision; no trials used high-intensity weight training. Conclusions: Weight training
appears to be safe and beneﬁcial in improving limb strength and physical components of quality of life in
womenwith or at risk of lymphoedema. Pressure garments, supervision and limiting the intensity of the
weight training may each be important, but this could not be conﬁrmed with this review. Registration:
PROSPERO CRD42012002737. [Paramanandam VS, Roberts D (2014) Weight training is not harmful
for womenwith breast cancer-related lymphoedema: a systematic review. Journal of Physiotherapy
60: 136–143]
 2014 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Breast cancer is the most common cancer and the leading cause
of cancer deaths amongwomen,1 accounting for 23% of total cancer
cases and 14% of cancer deaths. Early detection and recent
advances in breast cancer treatment have improved the 5-year
relative survival rate to above 80%.2,3 Despite this, cancer
treatments cause many long-term functional impairments and
considerably reduce the quality of life.4 Some of the post-
treatment complications are: fatigue, weakness, loss of muscle
extensibility, limited shoulder range of motion, upper body pain,
pulmonary complications, neuropathy, body composition and
breast cancer-related lymphoedema (BCRL).5,6
BCRL is a chronic swelling of the arm, hand and associated trunk
quadrant. It usually develops after damage to the axillary lymph
nodes due to breast cancer therapies. Surgical removal of lymph
nodes, which is considered to be important for prognosis, causes
permanent damage to the lymphatic pathways.7 In addition, many
patients are treated with external beam radiation and this may
lead to constriction of the lymphatic vessels due to ﬁbrosis, and
delay the growth of newer lymphatic vessels after the lymph node
excision.8 Thus, overall lymphatic drainage may be reduced
signiﬁcantly and lead to BCRL.7 This condition is associated withhttp://dx.doi.org/10.1016/j.jphys.2014.07.001
1836-9553/ 2014 Australian Physiotherapy Association. Published by Elsevier B
creativecommons.org/licenses/by-nc-nd/3.0/).feelings of discomfort, pain, heaviness in the arm, disﬁgurement,
psychosocial disturbance and elevated risk of infection, so BCRL is
considered to be the most feared complication of breast cancer.9,10
Published reports on the prevalence of BCRL range from 2 to
83%, although this wide variance is due in part to discrepancies in
the deﬁnition, diagnostic threshold and measurement methods
used.11 The onset of BCRL is unpredictable and can even occur
many years after surgery.12–14
It was believed that exercise could adversely affect the
lymphoedema-prone arm in women with breast cancer, until
the seminal work by McKenzie revealed no exacerbation or new
cases of lymphoedema among women with breast cancer who
participated in dragon boat racing.15 However, a prospective study
by Johansson and colleagues16 reported an acute increase in arm
volume within 24 hours following weight training. Additionally, a
study by Lane and colleagues17 assessed the effect of exercise on
BCRL by lymphoscintigraphy and revealed that the lymphoede-
matous hand had more similar lymphatic clearance to that of the
controls during upper body exercises. However, exercises did not
markedly increase the uptake of radiopharmaceuticals in the axilla
and showed backﬂow. Hence, the authors concluded that exercise
might increase the chance of BCRL. On the contrary, recent studies
found no harmful effects of exercise on BCRL.18,19.V. This is an open access article under the CC BY-NC-ND license (http://
Box 1. Inclusion criteria.
Design
 randomised trial
 peer reviewed
 published in English after 2001
Population
 women with breast cancer diagnosis with or at risk of
developing lymphoedema
Intervention
 weight-training exercises
Outcomes
 lymphoedema onset or exacerbation
 limb strength
 quality of life
 body mass index
Comparison
 sham exercise
 light exercise
 conservative therapies such as light stretching
 no-intervention control
 only lower body exercises and education
Research 137Historically, people with or at risk of lymphoedema have been
advised not to do strenuous activity or exerciseswith the operated-
side arm in order to reduce the risk of causing or exacerbating
lymphoedema.11 Guidelines advise to not lift heavy weights or
children and to avoid doing repeated activities.2,20 Recent studies,
however, have reported that weight training did not induce or
exacerbate BCRL when it was performed under supervision with
slow progression.21,22 This type of exercise results in robust
functional, physiological, psychological and clinical beneﬁts.4
Progressive weight training is intended to elicit beneﬁts in
health and performance by challenging skeletal muscles with
controlled physiological stress to the onset ofmuscle fatigue. These
weight-training sessions are followed by an optimal interval of
rest, ranging from 48 to 72 hours; this allows physiological
adaptation to occur.23,24 Aside from local effects at the arm, weight
training has many other beneﬁts, including: a reduction in cancer-
related fatigue,25 and improvement in body weight, psychological
well being,26 bone density,27 body image28 and survival.29 Some
narrative19 and systematic4,11,18,30,31 reviews have been published
on this topic. However, these reviews included studies with mixed
exercise interventions30 or included non-randomised studies.4,18
Furthermore, at least two more randomised trials have been
published since these previous reviews.4,18,31 Therefore, this
present review was considered to be necessary and sought to
answer these research questions:1. Is weight-training exercise safe for women with or at risk of
lymphoedema after breast cancer?2. Does weight-training exercise improve muscle strength, quality
of life and body mass index in this population?
Method
Identiﬁcation and selection of studies
The following databases were searched electronically from
inception to July/August 2012: PubMed, EMBASE, PsycINFO,
CINAHL, AMED, Cochrane, PEDro, SPORTDiscus and Web of
Science. Date restriction, female gender limit and peer review
were applied to the results where possible. In addition, reference
lists of the identiﬁed studies and previous reviews were searched
for any potential articles. Furthermore, distinguished authors from
this research area were contacted through email for any missed
and relevant studies. Three key terms, ‘weight training’, ‘lym-
phoedema’ and ‘breast neoplasm’, were used to generate an
exhaustive list of keywords. Appendix 1 (see eAddenda) shows the
full search strategies.
Eligibility assessment of each study was conducted in a non-
blinded and standardisedmanner by a single researcher (VP) under
the supervision of the second author (DR) in three stages and every
effort was undertaken to avoid subjective bias.32 In the ﬁrst stage,
articles obtained through the database searches were compared
for duplicate entries using the de-duplicating facility of reference
management softwarea and were manually cross checked. The
titles and abstracts of the remaining articles were examined for
eligibility against the pre-deﬁned criteria, as presented in Box 1.
Articles that were not deﬁnitely excluded by this screening were
obtained in full text for further assessment. Eligible studies
underwent data extraction. Study selection is reported according
to PRISMA guidelines.33
Characteristics of included studies
Quality
The quality of the included studies was assessed using the
PEDro scale,34 which consists of 11 items that address external
validity, risk of bias (internal validity) and interpretability.
Although there are 11 items, the ﬁrst item does not contributeto the total score because it is related to external validity.
The overall score is therefore calculated as the number of the
remaining 10 items that the study achieves. Considering the nature
of intervention studied in the included papers, blinding of
participants and therapists would be impractical, so scores above
eight would not be anticipated. The PEDro scale can detect
potential bias with fair to good reliability34 and is a valid measure
of methodological quality of trials.35
Design
Only randomised trials were included in the review because
they eliminate more sources of potential bias than other study
designs. The publication year to post 2001 was limited due to
advances in the management of breast cancer.
Participants
This review included studies of women of any age who had or
were at risk of developing lymphoedema during or following
breast cancer treatment. Breast cancer treatment was deﬁned as
any type of breast surgery, along with one of the following
procedures to the axilla: axillary lymph node dissection, axillary
lymph node sampling or sentinel lymph node dissection with or
without radiotherapy to the breast and/or axilla. Studies involving
women with lymphoedema following local recurrence or metas-
tasis were excluded.
Interventions
To be eligible for this review, trials were required to have
studied the effects of weight training or resistance exercises.
Studies with mixed exercises (apart from warm-up and cool-
down), which could possibly moderate the effect of weight
training, were not considered for inclusion. The above-mentioned
intervention was required to have been assessed against no
intervention or against any of the control interventions listed in
Box 1.
Outcomes
The primary outcome was BCRL, analysed as either the
incidence or severity of lymphoedema identiﬁed by comparing
the volume difference between the operated-on and contralateral
arms. Volume could be measured directly using the water
displacement method or non-invasive optoelectronic scanning
(ie, perometry), or calculated from a series of circumferential
measurements using a measuring tape. Additionally, studies that
used a simple circumference measurement of the arm were also
considered for this review. The reported difference could either be
[(Figure_1)TD$FIG]
Titles and abstracts screened (n = 333)  
Potentially relevant papers retrieved for 
evaluation of full text (n = 38)  
Papers excluded after screening titles/abstracts 
(n = 295)  
Papers included in systematic review (n = 11)  
Papers excluded after evaluation of full text  
(n = 27) 
• participants did not have lymphoedema 
related to breast cancer (n = 1) 
• study design was not randomised (n = 11) 
• inappropriate outcome measure (n = 5) 
• intervention was not weight training (n = 9) 
• full text was not available (n = 1) 
Figure 1. Flow of studies through the review.
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arm volume on the operated side, and relative change is the
volume difference between the operated-on and contralateral
arms. For analysing the onset of lymphoedema, the deﬁnition of
lymphoedema and the diagnostic cut-off values varies between
studies; therefore, studies with a predeﬁned criterion for
lymphoedema diagnosis were regarded to be eligible for inclusion.
The secondary outcome measures (muscle strength of upper and
lower limbs, quality of life and body mass index) were also
included for analysis, if reported.
Data analysis
Data extraction was performed by a single researcher (VP)
under the supervision of the second author (DR) using forms
developed and pilot tested for this review.36 Additionally, three
authors of the included studies were contacted through emails for
further data because they were presented in dichotomous format.
However, only one author21 replied and provided the required
data.
Meta-analyses were performed wherever appropriate data
were available, and narrative syntheses are presented other-
wise.32,37 The continuous outcomes in the included studies were
typically reported with different scales, so standardised mean
differences (SMD) were calculated with a random-effects model
and reported with a 95% CI. Lymphoedema incidence data were
pooled and reported as relative risk with a 95% CI.38 Additionally,
subgroup analysis was attempted wherever sufﬁcient data were
available to compare slow progressive and moderate-intensity
exercise groups.Table 1
PEDro scores of the included studies (n=8).
Study Random
allocation
Concealed
allocation
Groups
similar at
baseline
Participant
blinding
Therapist
blinding
Assessor
blinding
Ahmed39,41,42 Y N Y N N Y
Anderson40 Y N Y N N N
Courneya26 Y Y Y N N N
Kilbreath45 Y Y Y N N Y
Kim46 Y N Y N N N
Sagen44 Y Y Y N N Y
Schmitz21 Y Y Y N N Y
Schmitz22 Y Y Y N N Y
Y=yes, N=no.Results
Flow of studies through the review
After screening of the search results, 11 papers reporting eight
trials were included in the review. Figure 1 depicts the ﬂow of
studies through this review. In the eleven included papers, seven
were from the United States of America.21,22,39–43 Among these
seven papers, three of them39,41,42 were from a single trial called
Weight Training for Breast Cancer Survivors (WTBS); they were
considered as a single trial in the present review. Another three
papers from the United States of America21,22,43 were from a trial
named Physical Activity and Lymphoedema (PAL); this trial was
conducted with two distinctive objectives with adequate pow-
er.21,22 Thus, they were considered as two independent trials for
the present review. The last trial from the United States of America
was a study by Anderson and colleagues,40 which included
30 minutes of walking with the resistance training. It was included
in the present review in view of the fact that the walking
component would give negligible aerobic activity to the upper
limb. The other four trials were from Canada,26 Norway,44
Australia45 and the Republic of Korea.46
Characteristics of the included studies
Quality
The individual items achieved by each of the included trials are
presented in Table 1. As discussed above, blinding of participants
and therapists is impractical, so no trials achieved this. All the
included trials met the external validity item by specifying the
eligibility criteria and source of participants. Similarly, all of
the included trials met four other criteria that contribute to the
total score: random allocation, similar groups at baseline,
reporting of between-group difference, and reporting of point
estimates and variability. Three trials39,40,46 did not report using
a valid method of allocation concealment; three trials26,40,46 failed
to use blinded outcome assessors; three trials did not analyse
by intention to treat; 39,40,46 and three trials had > 15% loss to
follow-up.21,40,46
Participants
The included trials provided data on 1091 participants, who had
undergone either modiﬁed radical mastectomy or breast conser-
vation surgery alongwith different axillary nodemanagement. The
mean age of participants ranged from49 to 57 years. Two trials21,46
enrolled women with BCRL and six trials22,26,39,40,44,45 enrolled
women at risk of developing BCRL, as presented in Table 2.
Intervention
All of the trials provided the exercise intervention, at least
partly, under supervision in an institutional setting, although in
two studies21,22 the institution was in a community setting, for
example a YMCA ﬁtness centre. The supervision was provided by
either physiotherapists or certiﬁed exercise professionals, al-
though one trial did not provide any clear details about the< 15%
dropouts
Intention-to-treat
analysis
Between-group
difference
reported
Point
estimate and
variability reported
Total
(0 to 10)
Y N Y Y 6
N N Y Y 4
Y Y Y Y 7
Y Y Y Y 8
N N Y Y 4
Y Y Y Y 8
N Y Y Y 7
Y Y Y Y 8
Table 2
Summary of the included studies (n=8).
Study
Country
Participants Experimental intervention Control intervention Outcomes
Follow-up
Ahmed39,41,42
USA
Breast cancer,  4 mth after
treatment (MRM/BCS with AND),
may be on hormone therapy, no
contraindication to weight
training
n=46, mean age=52 yr
Group, supervised and institution
based, 6 mth
 upper body: 0 to 0.25kg, if no BCRL
symptoms
 lower body: greatest weight that the
participant could use for the set
protocol
 8 to10 reps, 1 to 3 sets over the ﬁrst 2
to 3 wk
Low intensity
 no intervention Lymphoedema
Muscle strength
Quality of life
6mth (next 6mth partial
crossover)
Anderson40
USA
Stage I to III breast cancer, 4 to 12
wk after surgery (MRM/BCS with
AND or SND)
n=104, mean age=54 yr
Individual, supervised and institution
based, 18 mth
warm up: 5min aerobic, Cool down:
10min stretch
 upper body: 50% of 1RM for 2wk, 0.5
to 1kg increment weekly
 lower body: 50% of 1RM for 2wk, 0.5
to 2.5kg increment weekly
 increment if 12 reps for 2 sessions
walk: 30min,moderate to somewhat
hard on RPE
Moderate intensity
 written information about
lymphoedema awareness and
ACS prevention exercises
 quarterly newsletter with tips
about nutrition and physical
activity
Lymphoedema
Quality of life
18 mth
Courneya26
Canada
Stage I to IIIA breast cancer,
beginning ﬁrst-line adjuvant
chemotherapy after MRM/BCS
with AND
n=164, mean age =49 yr
Supervised, institution based, during
chemotherapy
warm-up/cool-down: 5min aerobic,
stretch
 training: 60 to 70% of 1RM
 8 to 12 reps, 2 sets
 increment weight by 10%
if > 12 reps
Moderate intensity
Aerobic exercise group:
 60% of VO2max, 3/wk, for 6 wk,
then 70% for 6 wk, then 80%
 15min for 3 wk, then increase
by 5min every 3 wk
Usual care group:
 asked not to initiate an exercise
program
Lymphoedema
Muscle strength
Quality of life
6 mth
Kilbreath45
Australia
Stage I to III breast cancer, 4 to 6
wk after surgery (SND or AND)
n=160, mean age=53 yr
Supervised, institution based, 8 wk
 written arm exercises: brief,
active-assisted and active overhead,
in frontal/sagittal planes
 upper body: 1 to 1.5 kg initially
 8 to 15 reps, 2 sets
 increment weight until hard on RPE
Low intensity
 written arm exercises: brief,
active-assisted, and active
overhead, in frontal/sagittal
planes
 if BCRL identiﬁed on fortnightly
monitoring, referral for a
compression garment and
possibly other therapy
Lymphoedema Strength
Quality of life
8 mth
Kim46
Korea
BCRL, conﬁrmed by
circumference and
lymphoscintigraphy
n=40, mean age=51 yr
Partly supervised and partly
institution based, 8 wk
 manual lymphatic drainage
 compression therapy
 remedial exercise
 upper body: 0.5 kg for 2 wk, then
1kg for 6 wk
 10 reps, 2 sets
Low intensity
 manual lymphatic drainage
 compression therapy
 remedial exercise
Lymphoedema
Quality of life
2 mth
Sagen44
Norway
Early-stage breast cancer, 2 d
after mastectomy or breast-
conserving surgery with AND
(levels I and II), with any
adjuvant treatment
n=204, mean age=55 yr
Supervised and institution based,
6 mth
 training: 0.5kg for 2 wk
 increment as tolerated
 15 reps, unlimited sets
Low intensity
 avoid heavy/strenuous
activities for 6 mth
 written information about
these restrictions
 physiotherapy 1/wk: 6 passive
manual techniques for ﬂexibility
and lightmassage of the affected
shoulder, arm and scar for 6 mth
Lymphoedema
Body mass index
2 yr
Schmitz21,43
USA
Unilateral breast cancer, 1 to 5 y
after diagnosis, with BCRL
conﬁrmed by 10% volume
difference between both arms
and common toxicity criteria
n=141, mean age =57 yr
Partly supervised, group and
community based, 1 yr
 training: little to no resistance,
initially
 10 reps, 2 sets initially
 increment to 3 sets in ﬁrst 5 wk
 increment weight by 0.25kg if
tolerated
Low intensity
 physiotherapy 1/wk: 6 passive
manual techniques for
ﬂexibility and light massage of
the affected shoulder, arm and
scar for 6 mth
Lymphoedema
Muscle strength
Quality of life
1 yr
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Table 2 (Continued )
Study
Country
Participants Experimental intervention Control intervention Outcomes
Follow-up
Schmitz22,43
USA
Unilateral breast cancer, 1 to 5 y
after diagnosis, with  2 lymph
nodes removed, no BCRL and no
contraindications to exercise
n=154, mean age=56 yr
Partly supervised, group and
community based, 1 yr
 training: little to no resistance,
initially
 10 reps, 2 sets initially
 increment to 3 sets in ﬁrst 5 wk
 increment weight by 0.25kg if
tolerated
Low intensity
 physiotherapy 1/wk: 6 passive
manual techniques for
ﬂexibility and light massage of
the affected shoulder, arm and
scar for 6 mth
Lymphoedema
Muscle strength
Quality of life
1 yr
ACS=American Cancer Society, AND=axillary node dissection, BCRL=breast cancer related lymphoedema, BCS=breast conserving surgery, MRM=modiﬁed radical
mastectomy, RPE= rating of perceived exertion scale, SND= sentinel lymph node dissection, 1RM=one repetition maximum.
Paramanandam and Roberts: Weight training in lymphoedema140supervisor.45 Four trials21,22,39,46 were conducted in groups, one
implied that the intervention was delivered on an individual
basis,40 and the remaining three trials26,44,45 did not report
whether the intervention was group based or not. Two of the
included trials26,45 were multi-centre trials. The weight-training
program was categorised as low intensity (based on low weights
and/or slow progression) in six trials21,22,39,44–46 and moderate
intensity in two trials,26,40 as presented in Table 2.
The study by Courneya and colleagues26 compared three
groups: a weight training group, an aerobic training group and a
usual care group. Wherever applicable, two comparisons were
presented: weight training versus aerobic training, and weight
training versus usual care. However, the comparison of weight
training versus aerobic training was not included in quantitative
pooling to avoid overestimation of effect.
Outcomes
Five trials21,22,26,40,46 measured volume using the water
displacement method and the other three trials39,46,47 estimated
volume using circumference measures, although one of these39
only reported a single circumference measure. Six
trials21,22,26,39,44,45 reported inter-limb volume difference, whilst
others reported volume change with treatment in the ipsilateral
arm. Only two studies21,22 included clinician diagnosis based on
the Common Toxicity Criteria of the US National Cancer Institute as
a primary outcome. All the included studies reported quality of life
as either primary or secondary outcomes using various scales.
[(Figure_2)TD$FIG]
Subgroup
Study
Low intensity
Sagen44
Kim46
Schmitz21
Schmitz22
Subtotal (I2 = 0%, Effect p = 0.19)
Moderate intensity
Anderson40
Courneya26
Subtotal (I2 = 0%, Effect p = 0.73)
Total (I2 = 0%, Effect p = 0.20)
Subgroup difference p = 0.66
SMD (95% CI)
Random
Favours training      Favours control
-0.5-1 0 10.5
Figure 2. Standardised mean difference (SMD) (95% CI) of effect of weight-training
exercise versus control on the severity of breast cancer-related lymphoedema,
showing data from six trials (n = 776).Body mass index was reported only in three studies,21,22,39 as
presented in Table 2.
Effect of weight training
Severity of BCRL
Although the best estimate of the overall effect on lymphoe-
dema severity favoured weight training, this was not statistically
signiﬁcant (SMD –0.09, 95% CI –0.23 to 0.05), as presented in
Figure 2. See Figure 3 on the eAddenda for a more-detailed forest
plot. The trials in these forest plots are arranged to illustrate the
subgroup analysis, which identiﬁed no considerable difference
between the low-intensity and moderate-intensity subgroups.
Incidence of BCRL
Although the best estimate of the overall effect on lymphoe-
dema incidence favoured weight training, this was not statistically
signiﬁcant (RR 0.77, 95% CI 0.52 to 1.15), as presented in Figure 4.
See Figure 5 on the eAddenda for amore-detailed forest plot. Again,
subgroup analysis identiﬁed no considerable difference between
the low-intensity and moderate-intensity subgroups.
Upper limb muscle strength
Meta-analysis of four comparisons21,22,26,39 with upper limb
strength as the outcome showed better results in the weight-
training group than the controls, whichwas statistically signiﬁcant
(SMD 0.93, 95% CI 0.73 to 1.12). The low-intensity and moderate-
intensity subgroups again had similar results. This meta-analysis[(Figure_4)TD$FIG]
Subgroup
Study
Low intensity
Ahmed39
Kilbreath45
Sagen44
Schmitz21
Schmitz22
Subtotal (I2 = 0%, Effect p = 0.30)
Moderate intensity
Courneya26
Subtotal (Effect p = 0.31)
Total (I2 = 0%, Effect p = 0.20)
Subgroup difference p = 0.51
Risk Ratio (95% CI)
Random
Favours training      Favours control
0.10.005 1 20010
Figure 4. Relative risk (95% CI) of the onset of breast cancer-related lymphoedema
with weight-training exercise versus control, pooling data from six trials (n = 860).
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Subgroup
Study
Low intensity
Ahmed39
Schmitz21
Schmitz22
Subtotal (I2 = 0%, Effect p < 0.001)
Moderate intensity
Courneya26
Subtotal (Effect p < 0.001)
Total (I2 = 0%, Effect p < 0.001)
Subgroup difference p = 0.87
SMD (95% CI)
Random
Favours control      Favours training
-0.5-1 0 10.5 1.5 2
Figure 6. Standardised mean difference (SMD) (95% CI) of effect of weight-training exercise versus control on chest press, pooling data from four trials (n = 450).
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Subgroup
Study
Low intensity
Ahmed39
Schmitz21
Schmitz22
Subtotal (I2 = 65%, Effect p < 0.001)
Moderate intensity
Courneya26
Subtotal (Effect p < 0.001)
Total (I2 = 51%, Effect p < 0.001)
Subgroup difference p = 0.86
SMD (95% CI)
Random
Favours control      Favours training
-0.5-1 0 10.5 1.5 2
Figure 8. Standardised mean difference (SMD) (95% CI) of effect of weight-training exercise versus control on leg press, pooling data from four trials (n = 455).
Subgroup
Study
Low intensity
Ahmed39
Schmitz21
Schmitz22
Subtotal (I2 = 0%, Effect p = 0.36)
Total (I2 = 0%, Effect p = 0.36)
SMD (95% CI)
Random
Favours training    Favours control
-0.5-1 0 10.5
Figure 10. Standardisedmean difference (SMD) (95% CI) of effect of weight-training
exercise versus control on bodymass index, pooling data from three trials (n = 343).
Research 141is presented in Figure 6. See Figure 7 on the eAddenda for a
more-detailed forest plot. In addition, a study by Kilbreath and
colleagues45 reported individual muscle group strength contrary
to other studies, which reported bench press, so it was not
included in the overall effect estimate. Although one result in this
study (horizontal ﬂexion strength) favoured the control group, it
was not statistically signiﬁcant and the other shoulder move-
ments tested showed some improvement with weight-training
exercise.
Lower limb muscle strength
Meta-analysis of lower limb strength data from the same four
trials21,22,26,39 also showed signiﬁcantly better results in the
weight-training group than the controls (SMD 0.75, 95% CI 0.47 to
1.04). This meta-analysis is presented in Figure 8. See Figure 9 on
the eAddenda for a more-detailed forest plot. The low-intensity
and moderate-intensity subgroups again had similar results.
Body Mass Index
The overall effect based on three studies21,22,39 that reported
body mass index revealed no signiﬁcant beneﬁt of weight training
(SMD –0.10, 95% CI –0.31 to 0.11), as presented in Figure 10. See
Figure 11 on the eAddenda for amore-detailed forest plot. All three
of these trials used a low-intensity intervention, so no subgroup
analysis was performed.Quality of life
Six trials provided data related to quality of life. Three
trials26,39,40 reported global quality of life scores whereas the
rest21,22,46 reported only individual domains of the quality of life
scale. The forest plot in Figure 12 therefore presents pooling by
these two subgroups, without a single overall result. A more
detailed forest plot is available in Figure 13 on the eAddenda. The
global quality of life score showed a positive trend towards the[(Figure_10)TD$FIG]
[(Figure_12)TD$FIG]
Subgroup
Study
Global quality of life score
Ahmed39
Anderson40
Courneya26
Subtotal (I2 = 0%, Effect p = 0.23)
Physical health
Ahmed39
Kim46
Schmitz21
Schmitz22
Subtotal (I2 = 22%, Effect p = 0.007)
SMD (95% CI)
Random
Favours control      Favours training
-0.5-1 0 10.5 1.5
Figure 12. Standardisedmean difference (SMD) (95% CI) of effect of weight-training
exercise versus control on quality of life: global score from three trials (n = 325) and
Physical Health domain score from four trials (n = 351).
Paramanandam and Roberts: Weight training in lymphoedema42weight-training group. The Physical Health domain score demon-
strated a signiﬁcant overall improvement (SMD0.34, 95% CI 0.09 to
0.58) in the weight-training group compared to the control group.
Heterogeneity and Publication bias
Substantial statistical heterogeneity was noted in the low-
intensity subgroup in the meta-analysis of lower limb strength
(Tau2 = 0.09, chi2 = 5.78, df = 2, p = 0.06, I2 = 65%). When the study
by Ahmed and colleagues39 was excluded from analysis (not
shown in Figure 8), however, the heterogeneity reduced to
moderate (Tau2 = 0.04, chi2 = 2.10, df = 1, p = 0.15, I2 = 52%). That
study may have varied due to the absence of methodological
features to control bias, which included allocation concealment,
blinding and attrition.
Discussion
Overall ﬁndings of this review revealed that supervised weight-
training exercise does not increase the risk or severity of BCRL and
it improves muscle strength of the limbs, as well as physical
components of quality of life. These ﬁndings are similar to the
conclusions of recent reviews,18,19 although the present review
additionally provides the statistical pooling of data, which is
generally considered to be more precise.48
The ﬁnding that weight training does not increase the risk or
severity of BCRL is very relevant to physiotherapists managing
women with BCRL, because weight training has many physical,
psychological and clinical beneﬁts. This ﬁnding does contradict
some other studies. For example, the lymphatic function study by
Lane and colleagues17 showed increased lymphoedema with
exercise training, but this study was not a prospective clinical trial.
Participants in all trials used pressure garments and received
supervision, and no trials used high-intensity weight training.
Pressure garments, supervision and limiting the intensity of the
weight trainingmayeachbe important,but thepresent reviewcould
not conﬁrm this. Previous reviews18,19 suggested that supervision
may not only help in learning the exercise program appropriately,
but also in alleviating the fear of developing BCRL among women.
Overall, muscle strength improved signiﬁcantly more with
weight training than the control. Furthermore, this improvement
was signiﬁcant even when the control groups did aerobic
exercise.26 According to the theoretical assumptions of included
studies, weight training may provide adequate strength to protect
the arm from accidental injuries by reducing the relative stress ofdaily activities.21 Another important ﬁnding is that weight training
improved muscle strength irrespective of adjuvant treatment
status.26 A review byCheema and colleagues4 suggested that upper
body function and strength are of the utmost importance in breast
cancer survivors post-surgery. Improved arm strength might give
women a sense of control over their daily activities and prevent a
spiral of disuse atrophy and associated impairments.
Although a recentmeta-analysis showed a signiﬁcant reduction
in body mass index as a result of physical activity intervention in
peoplewith breast cancer,49 the pooled effect in the present review
was inconclusive. This lack of effectmay be due to the low intensity
of the exercise interventions delivered in these studies, which may
need a prolonged period of training to be effective.
Variation among the quality of life scales and inconsistent
reporting in the included studies precluded the overall pooling of
data. In view of the fact that weight-training exercise generally
improves physical function and health, global measures of quality
of life might not be sensitive enough to detect changes speciﬁc to
weight training.26,40
The selection was conducted by the ﬁrst author according to a
pre-planned and well-deﬁned protocol, under supervision from
the second author. No blinding methods were employed and there
was no blinding of authors and afﬁliations. Consequently, the risk
of selection bias could be an issue in the present review. Therefore,
to limit this bias, the list of selected studies was consulted with
experts in this ﬁeld via email before the ﬁnal selection was made.
Clinical heterogeneity among these studies limited the scope of
statistical synthesis; therefore, to avoid misleading outcome and
interpretation, a narrative synthesis along with the meta-analysis
was conducted. In most of the outcomes, both the narrative and
quantitative synthesis produced similar results.
In conclusion, weight training is a safe and effective exercise
modality in women with or at risk of developing BCRL. It improves
the strength of the affected arm and physical components of
quality of life without causing negative effects. Additionally,
weight training helps to maintain the body mass index. Compres-
sion garments may be worn during exercise, and close monitoring
and supervision by a trained professional at the beginning of
treatment is recommended. Weight-training exercise with low to
moderate intensity, and slow to regular progressive exercise may
be used in the beginning, but these need to be progressed
according to the symptom response. Although the intensity of
initial intervention is recommended to be low, there does not need
to be any upper weight limit as long as patients are symptom free.
In recent years the role of weight training in BCRL has been the
focus of many researchers. Nevertheless, many aspects of weight
training in breast cancer and BCRL need further research. Although it
is slow progressive exercise, low-intensity exercise is recommended
to protect the arm from adverse effects. There is a lack of trials
comparing moderate or high-intensity training against slow
progressive training. Furthermore, there is no evidence to suggest
that high-intensity weight training is harmful to the arm with, or at
risk of BCRL. Although supervision and compression garments are
featured in the reviewed studies, their effectiveness needs to be
conﬁrmed.What is already known on this topic: Breast cancer is
common among women. Many women treated for breast
cancer develop lymphoedema. Some physiological studies
suggest that weight training may promote lymphoedema in
this population.
What this study adds:Weight training does not increase the
onset or severity of lymphoedema in women after breast
cancer. Weight training also improves upper and lower limb
strength and improves aspects of quality of life related to
physical function.Footnotes: a Zotero, Roy Rosenzweig Center for History and
New Media
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found online at doi:10.1016/j.jphys.2014.07.001
Ethics approval: Not applicable.
Competing interests: Nil.
Source(s) of support: Nil.
Acknowledgements: Nil.
Correspondence: Vincent Paramanandam, Physiotherapy De-
partment, Tata Memorial Hospital, India. Email: vinsu24@gmail.
com
References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA
Cancer J Clin. 2011;61(2):69–90. http://dx.doi.org/10.3322/caac.20107.
2. Cancer Research UK. Breast cancer - UK incidence statistics: Cancer Research UK.
2011. Available at: http://info.cancerresearchuk.org/cancerstats/types/breast/
incidence/. Accessed December 15, 2011
3. Coleman MP, Quaresma M, Berrino F, Lutz J-M, De Angelis R, Capocaccia R, et al.
Cancer survival in ﬁve continents: a worldwide population-based study (CON-
CORD). Lancet Oncol. 2008;9(8):730–756. http://dx.doi.org/10.1016/S1470-
2045(08)70179-7.
4. Cheema B, Gaul CA, Lane K, Fiatarone Singh MA. Progressive resistance training in
breast cancer: a systematic review of clinical trials. Breast Cancer Res Treat.
2008;109(1):9–26. http://dx.doi.org/10.1007/s10549-007-9638-0.
5. Hayes S, Sipio TD, Rye S, Lopez JA, Saunders C, et al. Prevalence and prognostic
signiﬁcance of secondary lymphedema following breast cancer. Lymphat Res Biol.
2011;9(3):135–141. http://dx.doi.org/10.1089/lrb.2011.0007.
6. Hayes SC, Johansson K, Stout NL, Prosnitz R, Armer JM, Gabram S, et al. Upper-body
morbidity after breast cancer: incidence and evidence for evaluation, prevention,
and management within a prospective surveillance model of care. Cancer.
2012;118(8 Suppl):2237–2249. http://dx.doi.org/10.1002/cncr.27467.
7. Woods M. Lymphoedema care. Oxford: Blackwell, c; 2007.
8. Britton TMB, Purushotham AD. Understanding breast cancer-related lymphoe-
dema. Surg Edinb Univ Press. 2009;7(2):120–124.
9. Hayes SC, Cornish B, Newman B. Comparison of methods to diagnose lymphoe-
dema among breast cancer survivors: 6-month follow-up. Breast Cancer Res Treat.
2005;89(3):221–226. http://dx.doi.org/10.1007/s10549-004-2045-x.
10. Hayes SC, Janda M, Cornish B, Battistutta D, Newman B. Lymphedema after breast
cancer: incidence, risk factors, and effect on upper body function. J Clin Oncol.
2008;26(21):3536–3542.
11. Cheifetz O, Haley L. Management of secondary lymphedema related to breast
cancer. Can Fam Physician. 2010;56(12):1277–1284.
12. McLaughlin SA, Wright MJ, Morris KT, Giron GL, Sampson MR, Brockway JP,
et al. Prevalence of Lymphedema in Women With Breast Cancer 5 Years
After Sentinel Lymph Node Biopsy or Axillary Dissection: ObjectiveMeasurements.
J Clin Oncol. 2008;26(32):5213–5219. http://dx.doi.org/10.1200/JCO.2008.16.
3725.
13. Petrek JA, Senie RT, PetersM, Rosen PP. Lymphedema in a cohort of breast carcinoma
survivors 20 years after diagnosis. Cancer. 2001;92(6):1368–1377. http://dx.doi.org/
10.1002/1097-0142(20010915). 92:6<1368::AID-CNCR1459>3.0.CO;2-9.
14. Johansson K, Branje E. Arm lymphoedema in a cohort of breast cancer survivors 10
years after diagnosis. Acta Oncol Stockh Swed. 2010;49(2):166–173. http://
dx.doi.org/10.3109/02841860903483676.
15. McKenzie DC. Abreast in a Boat – a race against breast cancer. CMAJ CanMed Assoc J.
1998;159(4):376–378.
16. Johansson K, Tibe K, Weibull A, Newton RC. Low intensity resistance exercise for
breast cancer patients with arm lymphedemawith or without compression sleeve.
Lymphology. 2005;38(4):167–180.
17. Lane KN, Dolan LB, Worsley D, McKenzie DC. Upper extremity lymphatic function
at rest and during exercise in breast cancer survivors with and without lymph-
edema compared with healthy controls. J Appl Physiol. 2007;103(3):917–925.
http://dx.doi.org/10.1152/japplphysiol.00077.2007.
18. Kwan ML, Cohn JC, Armer JM, Stewart BR, Cormier JN. Exercise in patients
with lymphedema: a systematic review of the contemporary literature. J Cancer
Surviv Res Pract. 2011;5(4):320–336. http://dx.doi.org/10.1007/s11764-011-
0203-9.
19. Schmitz KH. Balancing lymphedema risk: exercise versus deconditioning for breast
cancer survivors. Exerc Sport Sci Rev. 2010;38(1):17–24. http://dx.doi.org/10.1097/
JES.0b013e3181c5cd5a.
20. Breast Cancer Care. Risk of lymphoedema j Breast Cancer Care. 2011. Available at:
http://www.breastcancercare.org.uk/breast-cancer-information/treating-breast-
cancer/lymphoedema/risk-lymphoedema. Accessed December 16, 2011
21. Schmitz KH, Ahmed RL, Troxel A, Cheville A, Smith R, Lewis-Grant L, et al. Weight
Lifting in Women with Breast-Cancer-Related Lymphedema. N Engl J Med.
2009;361(7):664–673. http://dx.doi.org/10.1056/NEJMoa0810118.
22. Schmitz KH, Ahmed RL, Troxel AB, Cheville A, Smith R, Lewis-Grant L, et al. Weight
Lifting for Women at Risk for Breast Cancer-Related Lymphedema: A Randomized
Trial. JAMA J Am Med Assoc. 2010;304(24):2699–2705. http://dx.doi.org/10.1001/
jama.2010.1837.
23. American College of Sports Medicine. ACSM’s guidelines for exercise testing and
prescription. 8th ed. London: Lippincott Williams & Wilkins; 2009.
24. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et al.
American College of Sports Medicine position stand. Quantity and quality of
exercise for developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor ﬁtness in apparently healthy adults: guidance for prescribing exercise.
Med Sci Sports Exerc. 2011;43(7):1334–1359. http://dx.doi.org/10.1249/
MSS.0b013e318213fefb.25. Cramp F, Daniel J. Exercise for the management of cancer-related fatigue in adults.
Cochrane Database Syst Rev Online. 2008;(2):CD006145. http://dx.doi.org/10.1002/
14651858.CD006145.pub2.
26. Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD, Friedenreich CM, et al. Effects
of Aerobic and Resistance Exercise in Breast Cancer Patients Receiving Adjuvant
Chemotherapy: A Multicenter Randomized Controlled Trial. J Clin Oncol.
2007;25(28):4396–4404. http://dx.doi.org/10.1200/JCO.2006.08.2024.
27. Schwartz A, Winters-Stone K, Gallucci B. Exercise Effects on Bone Mineral Density
in Women With Breast Cancer Receiving Adjuvant Chemotherapy. Oncol Nurs
Forum. 2007;34(3):627–633. http://dx.doi.org/10.1188/07.ONF.627-633.
28. Milne H, Wallman K, Gordon S, Courneya K. Effects of a combined aerobic and
resistance exercise program in breast cancer survivors: a randomized controlled
trial. Breast Cancer Res Treat. 2008;108(2):279–288. http://dx.doi.org/10.1007/
s10549-007-9602-z.
29. Irwin ML, McTiernan A, Manson JE, Thomson CA, Sternfeld B, Stefanick ML, et al.
Physical activity and survival in postmenopausal women with breast cancer:
results from the women’s health initiative. Cancer Prev Res Phila Pa.
2011;4(4):522–529. http://dx.doi.org/10.1158/1940-6207.CAPR-10-0295.
30. Chan DNS, Lui LYY, So WKW. Effectiveness of exercise programmes on shoulder
mobility and lymphoedema after axillary lymph node dissection for breast cancer:
systematic review. J Adv Nurs. 2010;66(9):1902–1914. http://dx.doi.org/10.1111/
j.1365-2648.2010.05374.x.
31. McNeely ML, Campbell K, Ospina M, Rowe BH, Dabbs K, Klassen TP, et al. Exercise
interventions for upper-limb dysfunction due to breast cancer treatment. The
Cochrane Coll-aboration, McNeely ML, eds. Cochrane Database Syst Rev. 2010.
Available at: http://summaries.cochrane.org/CD005211/exercise-interventions-
for-upper-limb-dysfunction-due-to-breast-cancer. Accessed December 20, 2011.
32. Centre for Reviews and Dissemination. Systematic Reviews CRD’s guidance for
undertaking reviews in health care. York, UK: CRD, University of York; 2009..
Accessed July 20, 2012 http://www.york.ac.uk/inst/crd/pdf/Systematic_
Reviews.pdf.
33. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JPA, et al. The
PRISMA Statement for Reporting Systematic Reviews andMeta-Analyses of Studies
That Evaluate Health Care Interventions: Explanation and Elaboration. PLoS Med.
2009;6(7):e1000100. http://dx.doi.org/10.1371/journal.pmed.1000100.
34. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of the
PEDro Scale for Rating Quality of Randomized Controlled Trials. Phys Ther.
2003;83(8):713–721.
35. De Morton NA. The PEDro scale is a valid measure of the methodological quality of
clinical trials: a demographic study. Aust J Physiother. 2009;55(2):129–133.
36. Higgins JP, Deeks JJ. Chapter 7: Selecting studies and collecting data. In: Higgins JP,
Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions. 5.1.0 ed.
5.1.0. The Cochrane Coll-aboration; 2011. Available at: http://www.cochrane-
handbook.org/. Accessed December 22, 2011
37. Verbeek J, Ruotsalainen J, Hoving JL. Synthesizing study results in a systematic
review. Scand J Work Environ Health. 2012. http://dx.doi.org/10.5271/sjweh.3201.
38. Deeks JJ, Higgins JP, Altman DG. Chapter 9: Analysing data and undertaking meta-
analyses. In: Higgins JP, Green S, editors. Cochrane Handbook for Systematic Reviews
of Interventions. 5.1.0 ed. 5.1.0. The Cochrane Coll-aboration; 2011. Available at:
http://www.cochrane-handbook.org/. Accessed December 22, 2011.
39. Ahmed RL, Thomas W, Yee D, Schmitz KH. Randomized Controlled Trial of Weight
Training and Lymphedema in Breast Cancer Survivors. J Clin Oncol.
2006;24(18):2765–2772. http://dx.doi.org/10.1200/JCO.2005.03.6749.
40. Anderson RT, Kimmick G, McCoy T, Hopkins J, Levine E, Miller G, et al. A random-
ized trial of exercise on well-being and function following breast cancer surgery:
the RESTORE trial. J Cancer Surviv. 2012;6(2):172–181. http://dx.doi.org/10.1007/
s11764-011-0208-4.
41. Ohira T, Schmitz KH, Ahmed RL, Yee D. Effects ofweight training on quality of life in
recent breast cancer survivors. Cancer. 2006;106(9):2076–2083. http://dx.doi.org/
10.1002/cncr.21829.
42. Schmitz KH, Ahmed RL, Hannan PJ, Yee D. Safety and Efﬁcacy ofWeight Training in
Recent Breast Cancer Survivors to Alter Body Composition, Insulin, and Insulin-
Like Growth Factor Axis Proteins. Cancer Epidemiol Biomarkers Prev. 2005;14(7):
1672–1680. http://dx.doi.org/10.1158/1055-9965.EPI-04-0736.
43. Speck RM, Gross CR, Hormes JM, Ahmed RL, Lytle LA, Hwang W-T, Schmitz KH.
Changes in the Body Image and Relationship Scale following a one-year strength
training trial forbreastcancer survivorswithorat risk for lymphedema.BreastCancer
Res Treat. 2010;121(2):421–430. http://dx.doi.org/10.1007/s10549-009-0550-7.
44. Sagen A˚rn, Ka˚resen R, Risberg M. Physical activity for the affected limb and arm
lymphedema after breast cancer surgery. A prospective, randomized controlled
trial with two years follow-up. Acta Oncol. 2009;48(8):1102–1110. http://
dx.doi.org/10.3109/02841860903061683.
45. Kilbreath SL, Refshauge K, Beith J, Ward LC, Simpson JM, Hansen RD. Upper limb
progressive resistance training and stretching exercises following surgery for early
breast cancer: a randomized controlled trial. Breast Cancer Res Treat.
2012;133(2):667–676. http://dx.doi.org/10.1007/s10549-012-1964-1.
46. Kim DS, Sim Y-J, Jeong HJ, Kim GC. Effect of active resistive exercise on breast
cancer-related lymphedema: a randomized controlled trial. Arch Phys Med Rehabil.
2010;91(12):1844–1848. http://dx.doi.org/10.1016/j.apmr.2010.09.008.
47. Kilbreath SL, Refshauge KM, Beith JM, Ward LC, Simpson JM, Hansen RD. Progres-
sive resistance training and stretching following surgery for breast cancer: study
protocol for a randomised controlled trial. BMC Cancer. 2006;6:273. http://
dx.doi.org/10.1186/1471-2407-6-273.
48. Bartolucci AA, Hillegass WB. Overview, Strengths, and Limitations of Systematic
Reviews and Meta-Analyses. In: Chiappelli F, ed. In: Evidence-Based Practice:
Toward Optimizing Clinical Outcomes. Berlin, Heidelberg: Springer Berlin Heidel-
berg; 2010:17–33. Accessed February 12, 2014 http://link.springer.com/10.1007/
978-3-642-05025-1_2.
49. Fong DYT, Ho JWC, Hui BPH, Lee AM, Macfarlane DJ, Leung SSK, et al. Physical
activity for cancer survivors: meta-analysis of randomised controlled trials. BMJ.
2012;344. http://dx.doi.org/10.1136/bmj.e70.
